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Abstract  
CHAPTER 1: General Introduction 
     Assembled multinuclear complexes which show unique magnetic and electrochemical properties based 
on their structures and electronic states, are expected that these complexes are applied for a single molecular 
device such as a quantum bit (= qubit) and a quantum cellular automata (= QCA), and a molecular catalyst. 
While usage of appropriate bridging ligand is required to synthesize such assembled metal complexes, the 
previous method using simple bridging ligands like flexible alkoxide and acetate ions are difficult to control 
and forecast these structures. Based on these background, development of effective synthetic methods of 
ordered arrangement of metal ions are important for developing a functional molecular devices. To achieve 
these application, creation of novel molecular system with 1) the order arrangement of metal ions, 2) the 
introduction of metal ions at will, 3) the control of structures and electronic states are one of target, and 
would lead to the functional expression of compounds.  
     In this study, the injection of various functions to each sites of grid-type complex, and the expression 
of a unique physical properties based on the interaction between these various functions were aimed. To 
realize that multi-functional grid-type complexes, structural and electronic states control are required. In this 
research, the grid-type complexes with polypyridine multidentate ligand were focused, consideration of 
synthetic conditions for novel self-assembled complexes, and structure and electronic states controlling for 
grid-type complexes which heterometal ion were induced, were carried out.  
 
CHAPTER 2: Control of Structures 
In previous research, a variety of self-assembled multinuclear complexes with the polypyridine 
multidentate ligand, H2L1 (=2,6-bis-[5-(2-pyridinyl)-1H-pyrazol-3-yl]-pyridine) were reported. When H2L1 
reacts with Fe(II) or Mn(II) ions under ambient atmosphere, helix-type complexes are constructed selectively 
because of the formation of a triangular oxo core. In the case of Co(II), Cu(II) and Zn(II) ions, [3 x 3] 
grid-type complexes are the most stable products. However, metastable species such as octanuclear ring-type 
complexes and mononuclear complexes can also be obtained by clever synthetic design. These metastable 
species may serve as building units in the formation of novel multinuclear complexes. 
In this research, metastable multinuclear complexes incorporating chloride anions were synthesized 
and novel multinuclear complexes were constructed by using these metastable precursors. This synthetic 
strategy using chloride ions has several advantages: 1) coordinative chloride ions may cap coordination sites 
of metal ions; 2) chloride ions may form 2, 3-bridges between metal ions, and; 3) chloride ions can be 
easily removed by Ag+ ions. In this research, heterometal grid-type complexes with novel structures were 
constructed by using a trinuclear building-unit which consists of one polypyridine ligand, H2L1, three metal 
ions and multiple capping chloride ions. As shown in Scheme 2.1, this strategy may help to arrange metal 
ions into linear grid-like arrays. The aim of this research is the development of a new synthetic method for 
metal clusters involving the stepwise construction of multinuclear complexes employing chloride containing 
precursor complexes.  
To construct multinuclear complexes with controlled arrays of heterometal ions, new synthetic 
methods have been adopted. Trinuclear copper complex, [Cu3(L1)(Cl)4(MeOH)2] ([CuII3], Figure 1 (a)) was 
synthesized and used as metastable precursor. The heterometal Cu-Fe [3 x 3] grid-type complex, 
[CuI4CuII4FeIII(L1)6](BF4)3 ([CuI4CuII4FeIII]), and the dodecanuclear copper cluster, [Cu12(L1)6(3-OH)4 
(2-OH)2](PF6)5(BF4) ([CuII12], Figure 1 (b)) were obtained and the efficacy of the building unit approach 
was demonstrated. The decanuclear iron cluster, [Fe10(L1)6(3-O)(2-O)4(2-OH)5(Cl)(H2O)2]Cl2 ([FeIII10], 
Figure 1 (c)), and the pentanuclear iron cluster, [Fe5(L1)2(3-O)(2-O)2(HL1)(Cl)(H2L1)3](PF6)3 ([FeIII5], 
Figure 1 (d)), were obtained as intermediate species. Expressly, [FeIII5] may also perform as a similar 
polynuclear building unit. 
 




















Figure 1: Crystal structures of (a) [Cu3], (b) [Cu12], (c) [Fe10], and (d) [Fe5]. 
 
CHAPTER 3: Control of Electronic States 
The electronic states control of multinuclear complexes with the electronic interaction between metal 
ions may give the application as a molecular device with varied switching ability. In this work, control of 
electronic states in multinuclear complex are aimed. In concrete terms, the electronic states of hetero-metal 
[3 x 3] grid-type complex in which different ion is induced regioselectively based on coordination 
environment, is controlled electrochemically, and each oxidation states are isolated and compared these 
structure and magnetic properties.  
     In previous research, the nonanuclear copper grid-type complex, [CuII9(L)6](BF4)6 ([CuII9]) showed 
four-step quasi-reversible redox wave based on the redox active copper ions located on the grid corners due 
to their flexible coordination geometries. That two and four electron reduced states were isolated, and these 
structural and magnetic properties were compared.  
   In this research, the heterometal grid-type complex, [CuI2CuII6FeIII(L1)6](BF4)5 ([CuI4CuII5]) was 
isolated and showed five-step quasi-reversible redox wave derived from the four corner copper ions and the 
centre iron ion (Figure 2). A series of redox isomers, [CuII8FeIII] (2e− Oxidation state), [CuI4CuII4FeIII] (2e− 
Reduction state) and [CuII4CuII8FeII] (3e− Oxidation state) were synthesized, and these structures and 
electronic states were characterized. These electronic states of four grid corner copper ions and centre iron 
ion were determined by the structure analysis and Mössbauer spectra. The structural strain and the magnetic 
susceptibility were controlled by the oxidation states. Especially, in two oxidation state, [CuII8FeIII] showed 
spin crossover behavior of trivalent iron ion located at grid centre, due to appropriate ligand field of iron ion, 
which is changed by oxidation process. This result suggests that this rigid grid system conduct the structural 
and electronic state changes of grid corner to grid centre. 
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Figure 2: (a) Molecular structure of [CuI2CuII6FeIII],  
and (b) magnetic susceptibility of each oxidation states. 
 
CHAPTER 4: Further Exploration of Grids 
In the previous research for the [3 x 3] grid-type complex with the polypyridine ligand, H2L1, 
equivalent coordination geometry were unattached, and the energy level between metal ions are not 
appropriate. Owing to that, the mixed valence states of [3 x 3] grid-type complex didn’t show a charge 
transfer between metal ions. In this research, to provide strong electron correlation, ruthenium ion were 
selected. To assemble ruthenium ions, in this research, tetranuclear [2 x 2] grid-type complex with 
polypyridine multidentate ligand, HL2 (=2-phenyl-4,5-bis{6-(3,5-dimethylpyrazol-1-yl)pyrad-2-yl}-1H- 
imidazole, Figure 3 (a)) which provide equivalent coordination geometry, was synthesized and its structure 
an electronic states were revealed.  
The crystal structure of [Ru4] at 100 K is shown in Figure 3 (b). In [Ru4], four ruthenium ions were 
arrayed as a [2 x 2] grid like arrangement, and two ligands coordinate to ruthenium ions from the upper and 
lower side, respectively. All ruthenium ions are octahedral geometry. The bond length around ruthenium ions 
and charge balance suggest that all ruthenium ions are divalent. Ruthenium ions are bridged by the 
imidazolate group of the ligand, HL2, and these distance, Ru1 – Ru2 is 6.359 - 6.365 Å. In the packing 
structure, the complex cation make a layer on bc face, and laminate with counter anion layer. 
  













Figure 3: (a) the structure of HL2, and (b) crystal structure of [Ru4]. 
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